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OPTICAL REFRACTOMETER AND REAL
TIME MONITORING ANALYSIS DEVICE
HAVING THE SAML

The present application 1s a U.S. national phase applica-
tion under 35 U.S.C. § 371 of International Application No.
PCT/KR2019/002074, filed on Feb. 20, 2019, which claims

the benefit of Korean Patent Applications No. 10-2018-
0021256 filed on Feb. 22, 2018, in the Korean Intellectual

Property Oflice, the entire disclosure of each of which 1is
incorporated herein by reference.

BACKGROUND

1. Field

The present mvention relates to an optical refractometer
and a real time monitoring analysis device having the same.
More particularly, the present invention relates to an optical
refractometer including a prism and a real time monitoring,
analysis device having the same.

2. Description of Related Art

Refractometry 1s the method of measuring substances’
composition, purity or the like by using an optical refrac-
tometer. Refractometry 1s used to analyze composition of a
certain drug, to measure salinity and specific gravity of
seawater, or to measure protein 1n a protein solution, etc.

Refractometry 1s the analytical method of measuring
substances’ refractive index (i.e., liquid sample) by using an
optical refractometer. The refractive index 1s a phenomenon
caused by changing a direction of a light ray when it travels
from one medium to another medium, and 1s represented by
the following equation:

#=sin i/sin *»

wherein n 1s a refractive index, 1 1s an angle of incidence,
and r 1s an angle of refraction.

The refractive index varies with temperature and wave-
length but 1s used to i1dentify a particular substance, confirm
its purity or measure 1ts concentration under constant con-
ditions since the refractive mndex 1s a fundamental physical
property of a medium.

However, since the conventional optical refractometer 1s
used by placing a small amount of a substance therein, there
are many restrictions on its use. It has been also limited to
use 1n various applications due to high costs.

In JP Patent Publication No. 2004-150923, a refractome-
ter 1s disclosed.

SUMMARY

This Summary 1s provided to mftroduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

An object of the present invention 1s to provide an optical
refractometer capable of analyzing a substance by directly
contacting the substance, which does thus not require for
sampling the substance therein.

Another object of the present invention 1s to provide a real
time monitoring analysis device having the same.

According to an aspect of the present invention, there 1s
provided an optical refractometer including: a prism includ-
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2

ing a first surface to which light 1s incident, a second surface
to which the incident light 1s refracted when 1t contacts with
a substance, and a third surface reflecting the light refracted
at the second surtace to be emitted to the first surface; a light
source that mputs light on the first surface of the prism
toward the second surface; and a sensor part that receives the
light reflected from the third surface and emitted from the
first surface, wherein the light projected from the light
source travels an optical path that directs the light to pass
through the first surface of the prism, refract on the second
surface, reflect on the third surface, and emit and condense
to the first surface.

The prism may be formed in a wedge shape having an
acute angle between the first surface and the second surface
at one side and the third surface 1n a curved or aspherical
shape connecting the first surface and the second surface on
the other side.

A light reflection layer may be formed on the third surface
of the prism and may block the contact between the sub-
stance and the third surface.

The optical refractometer may further include a first
optical cable connecting the light source and the first surface
ol the prism and a second optical cable connecting the sensor
part and the first surface of the prism.

The substance may be liquid. The prism, the first optical
cable, and the second optical cable may be composed as one
unit to be immersed 1n the substance i a liquid state.

According to another aspect of the present invention,
there 1s provided a real time monitoring analysis device with
an optical refractometer including: a prism including a first
surface to which light 1s incident, a second surface to which
the incident light 1s refracted when 1t contacts with a
substance, and a third surface reflecting the light refracted at
the second surface to be emitted to the first surface; a light
source that inputs light on the first surface of the prism
toward the second surface; a sensor part that receives the
light reflected from the third surface and emitted from the
first surface; a signal analysis part connected to the sensor
part; and a display part connected to the signal analysis part
to display the analyzed result, wherein the light projected
from the light source travels an optical path that directs the
light to pass through the first surface of the prism, refract on
the second surface, reflect on the third surface, and emit and

condense to the first surface.

The sensor part may include a photodetector or a charge
coupled device (CCD).

The real time monitoring analysis device with an optical
refractometer may further include a control part connected
to the light source and the sensor part to control them,
wherein the light source, the sensor part and the control part
may be formed as one transmission/reception unit.

According to an embodiment of the present invention, the
prism of the optical refractometer may be directly mserted
into or contacted with a substance such as a solution to
facilitate analysis of the substance without sampling.

In addition, it may allow mass production which lowers
the production cost due to simple structure.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a diagram 1llustrating an optical refractometer
according to an embodiment of the present invention.

FIG. 2 1s a diagram 1illustrating a prism shape of an optical
refractometer according to an embodiment of the present
invention.
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FIG. 3 1s a diagram 1llustrating a real time monitoring
analysis device with an optical refractometer according to an
embodiment of the present invention.

FIG. 4 and FIG. 5 are diagrams 1illustrating a real time
monitoring analysis device with an optical refractometer
according to another embodiment of the present invention.

FIG. 6 1s a graph 1llustrating an optic power for a liquid
refractive index depending on an angle between a first
surface and a second surface 1n a wedge-shaped prism.

FIG. 7 1s a graph 1illustrating an optic power for a liquid
refractive mndex depending on a numerical aperture of a first
optical cable connected to a wedge-shaped prism.

FIG. 8 and FIG. 9 are diagrams 1llustrating a prism shape
of an optical refractometer according to an embodiment of
the present 1mnvention.

DETAILED DESCRIPTION

The terms used in the description are intended to describe
certain embodiments only, and shall by no means restrict the
present disclosure. Unless clearly used otherwise, expres-
sions 1n the singular number include a plural meaning.

In the present description, an expression such as “com-
prising” or “composed of” 1s mtended to designate a char-
acteristic, a number, a step, an operation, an element, a part
or combinations thereof, and shall not be construed to
preclude any presence or possibility of one or more other
characteristics, numbers, steps, operations, elements, parts
or combinations thereof. In addition, in the present descrip-
tion, an expression such as “upper’” or “on” means that it 1s
located above or below a target part, and does not neces-
sarily mean that 1t 1s located above the gravity direction.

When one element 1s described as being “connected” or
“coupled” to another element, 1t shall be construed as being
connected or accessed to the other element directly but also
as possibly having another element 1n between.

While such terms as “first” and “second,” etc., may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

The drawings may not be to scale, and the relative size,
proportions, and depiction of elements 1n the drawings may
be exaggerated for clarity, 1llustration, and convenience.

The present invention will be described below 1n more
detaill with reference to the accompanying drawings, 1n
which those components are rendered the same reference
number that are the same or are 1n correspondence, regard-
less of the figure number, and redundant explanations are
omitted.

Optical Refractometer

FIG. 1 1s a diagram 1llustrating an optical refractometer
according to an embodiment of the present invention and
FIG. 2 1s a diagram 1illustrating a prism shape of an optical
refractometer according to an embodiment of the present
invention.

An optical refractometer according to an embodiment of
the present invention may include a prism 110, a light source
210, and a sensor part 220, wherein the optical refractometer
may have an optical path that directs light P1 projected from

the light source 210 to pass through a first surface 112 of the
prism 110, refract on a second surface 114, retlect on a third
surface 116, and condense the light PR to the sensor part
220.

The light source 210 in the optical refractometer may
generate light required for analyzing a substance.
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Retferring to FIG. 1, the light generated from the light
source 210 may be directed toward the prism 110 to be
projected onto the first surface 112 of the prism 110.

The sensor part 220 may receive the light from the prism
110. An amount of light refracted at the interface between
the prism 110 and the substance may vary depending on the
refractive index of the substance, and the sensor part 220
may measure this change to analyze/measure composition or
concentration of the substance.

Referring to FIG. 1, the light refracted and reflected along
the 1internal optical path of the prism 110 may travel back to
the first surface 112 of the prism 110 and, thus, the sensor
part 220 may be arranged to face the first surface 112 of the
prism 110 to receive the light.

The prism 110 may serve to pass the light projected from
the light source 210 and refract the light at an interface
contacting the substance. To this end, the prism 110 may be
made of a material through which light 1s transmitted and
which has a higher refractive index than the substance does.
The light passing through the prism 110 having a higher
refractive mndex than the substance may be refracted at the
interface (1.e., the second surface 114) between the prism
110 and the substance. It may be thus possible to analyze/
measure composition or concentration of the substance by
comparing the change in the amount of light refraction.

The prism 110 of the present embodiment may have a
structure 1n which light passes through the first surface 112,
refracts on the second surface 114, and reflects on the third
surface 116. Particularly, the second surface 114 of the prism
110 may directly contact with the substance. The prism 110
may include the first surface 112 to which light 1s 1ncident,
the second surface 114 to which the incident light 1s
refracted when 1t contacts with the substance, and the third
surface 116 reflecting the light refracted at the second
surface 114 to be emitted to the first surface 112.

Referring to FIG. 2, the prism 110 may be formed 1n a
wedge shape having an acute angle where the first surface
112 and the second surface 114, which are flat surfaces, meet
at one side, and the third surface 116, which 1s a curved or
aspherical shape, connecting the first surface 112 and the
second surface 114 at the other side. The angle 0, between
the first surface 112 and the second surface 114 and a
maternial of the prism 110 may be controlled (optimized)
depending on the substance to be measured.

A light reflection layer 117 may be formed on the third
surface 116 of the prism 110. The light reflection layer 117
may reflect the light refracted from the second surface 114
of the prism 110 with a small loss and simultaneously send
and condense the light to the first surface 112. The con-
densed light may be collected by a second optical cable 140
to be described later. The light reflection layer 117 may
block the contact between substance and the third surface
116 through which the light passes, so that the interface,
where the prism 110 and substance are in contact with each
other, may not be formed on the third surface 116.

The above-described wedge-shaped prism may control an
angle between the first surface 112 and the second surface
114 to set a sensitivity of optic power for a predetermined
refractive index.

FIG. 6 1s a graph illustrating an optic power for a liquid
refractive index depending on an angle between a first
surface and a second surface 1n a wedge-shaped prism.

FIG. 8 and FIG. 9 are diagrams 1illustrating a prism shape
ol an optical refractometer according to an embodiment of
the present invention. FIG. 8 1s a diagram 1llustrating a prism
in a 57 degree wedge shape and FIG. 9 1s a diagram
illustrating a prism 1n a 60 degree wedge shape.
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Referring to FIG. 8, the 57 degree wedge-shaped prism
110 may be made of a polycarbonate material, and the angle
between the first surface 112 and the second surface 114 may
be selected to be 57 degree, a radius of curvature (Rx) 1n an
x-axial direction may be 6.05 mm, and a radius of curvature
(Ry) 1n a y-axis direction may be 8.38 mm.

Referring to FIG. 9, the 60 degree wedge-shaped prism
110 may be made of a polycarbonate material, the angle
between the first surface 112 and the second surface 114 may
be selected to be 60 degree, a radius of curvature (Rx) in an
x-axial direction may be 6.75 mm, and a radius of curvature
(Ry) 1n a y-axis direction may be 9.05 mm.

FIG. 6 1s a graph 1llustrating an optic power depending on
an angle of the wedge-shaped prism for the light which 1s
incident to the first surface 112 from an optical cable having
a numerical aperture of 0.14, 1s reflected on the second
surtace 114 and the third surface 116 based on a refractive
index of a substance, and 1s emitted back to the first surface
112.

Referring to FIG. 6, 1t 1s noted that the 57-degree wedge-
shaped prism 110 has a high sensitivity 1n a section of 1.316
to 1.33 of the refractive index of a solution, which 1s the
substance, and the 60-degree wedge-shaped prism 110 has a
high sensitivity 1n a section of 1.347 to 1.377 of the refractive
index of a solution, which 1s the substance. That 1s, 1t 1s
confirmed that the angle between the first surface 112 and
the second surface 114 in the wedge-shaped prism 110 1s
adjusted to set the sensitivity of optic power for the refrac-
tive index 1n a certain section.

For example, the refractive index of deionized water (DI
water), which 1s the purest water, 1s about 1.316 at the 1550
nm wavelength band. Therefore, the sensitivity for the
refractive index of detonized water and a solution made with
deiomized water may be optimally determined when the
optic power 1s measured by using the 57-degree wedge-
shaped prism 110.

A first optical cable 130 connected to the light source 210
and a second optical cable 140 connected to the sensor part
220 may be coupled to the first surtace 112 of the prism 110.
The first optical cable 130 and the second optical cable 140
may be directly coupled to the prism 110 to prevent light
from being lost or changed. Particularly, when the substance
1s a liquid such as a solution, the prism 110, the first optical
cable 130, and the second optical cable 140 may be com-
posed as one unit to be immersed therein. Therefore, the
prism 110 of the optical refractometer may be directly
immersed ito or contacted with a substance such as a
solution to facilitate analysis of the substance without sam-
pling.

A single-mode optical cable may be used as the first
optical cable 130 connected to the light source 210 to
incident light into the prism 110, while a multi-mode optical
cable may be used as the second optical cable 140 connected
to the sensor part 220 to recerve light from the prism 110.
The optical cable connected to the light source 210 may be
better to have a smaller core and the optical cable connected
with the sensor part 220 may be better to have a larger core
in order to prevent light from leaking as much as possible.
For example, a core of a single-mode optical cable may be
9 um 1n size and a core of a multi-mode optical cable may
be 50, 57, 62.5, or 105 um 1n size.

A block member 120 may be further included 1n order to
precisely and firmly align the first optical cable 130 and the
second optical cable 140 with the prism 110. The block
member 120 may be disposed on the first surface 112 of the
prism 110 to be coupled with the prism 110 and may have
a V-shaped groove facing the first surface 112. The first
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optical cable 130 and the second optical cable 140 may be
inserted and aligned 1n the V-shaped groove.

The numerical aperture of the first optical cable 130 may
be adjusted to set a sensitivity and a linearity of the optical
power for a predetermined refractive index.

FIG. 7 1s a graph illustrating an optic power for a liquid
refractive mndex depending on a numerical aperture of a first
optical cable connected to a wedge-shaped prism.

Particularly, FIG. 7 1s a graph illustrating an optic power
depending on numerical aperture of the first optical cable
130 1n a 57-degree wedge-shaped prism 110 for the light
which 1s incident to the first surface 112, 1s reflected on the
second surface 114 and the third surface 116 based on a
refractive index of a substance, and 1s emitted back to the

first surface 112.

Referring to FI1G. 7, 1t can be seen that when the numerical
aperture of the first optical cable 130 1s changed, the
sensitivity icreases or decreases in a specific section of the
optic power 1n the wedge-shaped prism 110. In addition, 1t
can be seen that when the numerical aperture of the first
optical cable 130 i1s changed, the linearity between the
refractive imndex of the solution to be measured and the
optical power 1s increased or decreased. Since the linearity
between the refractive imndex of the solution and the optic
power and the high sensitivity 1n a specific section exhibit a
trade-ofl relationship with each other, it 1s preferable to set
them according to a substance to be measure and purpose.

As described above, since the optical refractometer of this
embodiment has a structure including the prism 110 that
makes easy for the mass-production, it 1s easy to manufac-
ture according to a substance and lowers the production cost.

Analytical Device

FIG. 3 1s a diagram illustrating a real time momnitoring
analysis device with an optical refractometer according to an
embodiment of the present invention.

Referring to FIG. 3, a real time momtoring analysis
device having an optical refractometer according to an
embodiment of the present invention may include a prism
110, a light source 210, a sensor part 220, a signal analysis
part 300, and a display part 400, wherein the light projected
from the light source travels an optical path that directs the
light to pass through a first surface of the prism, refract on
a second surface, reflect on a third surface, and emit and
condense to the first surface.

The light source 210 1n the optical refractometer may
generate light required for analyzing a substance.

The light generated from the light source 210 may be
directed toward the prism 110 to be projected onto the first
surface 112 of the prism 110.

The sensor part 220 may receive the light from the prism
110. An amount of light refracted at the interface between
the prism 110 and the substance may vary depending on the
refractive index of the substance, and the sensor part 220
may measure this change to analyze/measure composition or
concentration of the substance. The light refracted and
reflected along the internal optical path of the prism 110 may
travel back to the first surtace 112 of the prism 110 and the
sensor part 220 may be arranged to face the first surface 112
of the prism 110 to receive the light.

Examples of the sensor part may include a photodetector

and a charge coupled device (CCD).
The photodetector 1s a device that detects an optical signal
and converts 1t into an electrical signal. Examples of the
photodetector may include a diode-type photodetector and a
photoconductor-type photodetector depending on the type of
optical signal to be detected.
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The charge coupled device (CCD) may be a sensor that
converts light into electric charges to produce images. A
CCD chip may be a chip composed of many photodiodes.
When light 1s absorbed 1n each photodiode, electrons are
generated 1 response to an amount of the light and the
amount of electrons 1n the photodiode represents the bright-
ness of each light which 1s reconstructed to produce 1mage
information on a screen.

The prism 110 may serve to pass light projected from the
light source 210 and to refract the light at an interface
contacting a substance. To this end, the prism 110 may be
made of a material through which light 1s transmitted and
which has a higher refractive index than the substance has.
The light passing through the prism 110 having a higher
refractive index than the substance may be refracted at the
interface (i.e., the second surface 114) between the prism
110 and the substance. It may be thus possible to analyze/
measure composition or concentration of the substance by
comparing the change 1n the amount of light refraction.

The prism 110 of the present embodiment may have a
structure 1n which light passes through the first surface 112,
refracts on the second surface 114, and reflects on the third
surface 116. Particularly, the second surface 114 of the prism
110 may directly contact with the substance. The prism 110
may include the first surface 112 to which light 1s incident,
the second surface 114 to which the incident light 1s
refracted when 1t contacts with the substance, and the third
surface 116 retlecting the light refracted at the second
surface 114 to be emitted to the first surface 112.

Referring to FIG. 2, the prism 110 may be formed 1n a
wedge shape having an acute angle where the first surface
112 and the second surtace 114, which are flat surfaces, meet
at one side, and the third surface 116, which 1s a curved or
aspherical shape, connecting the first surface 112 and the
second surface 114 at the other side. An angle 0, between the
first surface 112 and the second surface 114 and a material
of the prism 110 may be controlled (optimized) depending
on a substance to be measured.

A light reflection layer 117 may be formed on the third
surface 116 of the prism 110. The light reflection layer 117
may reflect the light refracted from the second surface 114
of the prism 110 with a small loss and simultaneously send
and condense the light to the first surface 112. The con-
densed light may be collected by a second optical cable 140
to be described later. The light reflection layer 117 may
block the contact between substance and the third surface
116 through which the light passes, so that the interface,
where the prism 110 and substance are 1n contact with each
other, may not be formed on the third surface 116.

The above-described wedge-shaped prism may control an
angle between the first surface 112 and the second surface
114 to set a sensitivity of optic power for a predetermined
refractive imdex.

FIG. 6 1s a graph illustrating an optic power for a liquid
refractive index depending on an angle between a first
surface and a second surface 1n a wedge-shaped prism.

FIG. 8 and FIG. 9 are diagrams 1llustrating a prism shape
ol an optical refractometer according to an embodiment of
the present invention. FIG. 8 1s a diagram 1llustrating a prism
in a 57 degree wedge shape and FIG. 9 1s a diagram
illustrating a prism 1n a 60 degree wedge shape.

Referring to FIG. 8, the 57 degree wedge-shaped prism
110 may be made of a polycarbonate material, the angle
between the first surface 112 and the second surface 114 may
be selected to be 57 degree, a radius of curvature (Rx) in an
x-axial direction may be 6.05 mm, and a radius of curvature
(Ry) 1n a y-axis direction may be 8.38 mm.
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Retferring to FIG. 9, the 60 degree wedge-shaped prism
110 may be made of a polycarbonate material, the angle
between the first surface 112 and the second surface 114 may
be selected to be 60 degree, a radius of curvature (Rx) in an
x-axial direction may be 6.75 mm, and a radius of curvature
(Ry) 1n a y-axis direction may be 9.05 mm.

FIG. 6 15 a graph illustrating an optic power depending on
an angle of the wedge-shaped prism for the light which 1s
incident to the first surface 112 from an optical cable having

a numerical aperture of 0.14, 1s reflected on the second
surface 114 and the third surface 116 based on a refractive
index of a substance, and 1s emitted back to the first surface

112.

Referring to FIG. 6, 1t 1s noted that the 57-degree wedge-
shaped prism 110 has a high sensitivity in a section of 1.316
to 1.33 of the refractive index of a solution, which 1s the
substance, and the 60-degree wedge-shaped prism 110 has a
high sensitivity 1n a section of 1.347 to 1.377 of the refractive
index of a solution, which 1s the substance. That 1s, 1t 1s
confirmed that the angle between the first surface 112 and
the second surface 114 in the wedge-shaped prism 110 can
be adjusted to set the sensitivity of optic power for the
refractive mdex in a certain section.

For example, the refractive index of deionized water (DI
water), which 1s the purest water, 1s about 1.316 at the 1550
nm wavelength band. Therefore, the sensitivity for the
refractive index of deionized water and a solution made with
deionized water may be optimally determined when the
optic power 1s measured by using the 57-degree wedge-
shaped prism 110.

A first optical cable 130 connected to the light source 210
and a second optical cable 140 connected to the sensor part
220 may be coupled to the first surface 112 of the prism 110.
The first optical cable 130 and the second optical cable 140
may be directly coupled to the prism 110 to prevent light
from being lost or changed. Particularly, when the substance
1s a liquid such as a solution, the prism 110, the first optical
cable 130, and the second optical cable 140 may be com-
posed as one unit 100 to be immersed therein. Therefore, the
prism 110 of the optical refractometer may be directly
immersed mto or contacted with a substance S such as a
solution to facilitate analysis of the substance without sam-
pling.

A single-mode optical cable may be used as the first
optical cable 130 connected to the light source 210 to
incident light into the prism 110, while a multi-mode optical
cable may be used as the second optical cable 140 connected
to the sensor part 220 to recerve light from the prism 110.
The optical cable connected to the light source 210 may be
better to have a smaller core and the optical cable connected
with the sensor part 220 may be better to have a larger core
in order to prevent light from leaking as much as possible.
For example, a core of a single-mode optical cable may be
9 um 1n si1ze and a core of a multi-mode optical cable may
be 50, 57, 62.5, or 105 um 1n size.

A block member may be further included in order to
precisely and firmly align the first optical cable 130 and the
second optical cable 140 with the prism 110. The block
member may be disposed on the first surface 112 of the
prism 110 to be coupled with the prism 110 and may have
a V-shaped groove facing the first surface 112. The first
optical cable 130 and the second optical cable 140 may be
inserted and aligned 1n the V-shaped groove.

The numerical aperture of the first optical cable 130 may
be adjusted to set a sensitivity and a linearity of the optical
power for a predetermined refractive index.
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FIG. 7 1s a graph illustrating an optic power for a liquid
refractive mndex depending on a numerical aperture of a first
optical cable connected to a wedge-shaped prism.

Particularly, FIG. 7 1s a graph illustrating an optic power
depending on numerical aperture of the first optical cable
130 1n a 57-degree wedge-shaped prism 110 for the light
which 1s incident to the first surtace 112, 1s reflected on the
second surface 114 and the third surface 116 based on a
refractive index of a substance, and 1s emitted back to the
first surface 112.

Referring to FIG. 7, it can be seen that when the numerical
aperture of the first optical cable 130 1s changed, the
sensitivity mcreases or decreases 1n a specific section of the
optic power 1n the wedge-shaped prism 110. In addition, 1t
can be seen that when the numerical aperture of the first
optical cable 130 1s changed, the linearity between the
refractive mdex of the solution to be measured and the
optical power 1s increased or decreased. Since the linearity
between the refractive index of the solution and the optic
power and the high sensitivity 1n a specific section exhibit a
trade-ofl relationship with each other, it 1s preferable to set
them according to a substance to be measure and purpose.

The signal analysis part 300 may be connected to the
sensor part 220 to receive and analyze an electrical signal
sent by the sensor part 220. Since the photodetector or CCD
of the sensor part 220 converts the change of the received
light into an electrical signal, the signal analysis part 300
clectrically connected to the sensor part 220 may analyze
changes 1n light through the electrical signal sent by the
sensor part 220. Particularly, it 1s possible to analyze the
composition or concentration of the substance by analyzing
the change 1n refractive index.

The display part 400 may be connected to the signal
analysis part 300 to display the analyzed result. The display
part 400 may visually display the result analyzed by the
signal analysis part 300, so that a user may check the
composition or concentration of the substance in real time.

FIG. 4 and FIG. 5 are diagrams 1illustrating a real time
monitoring analysis device with an optical refractometer
according to another embodiment of the present invention.

Referring to FIG. 4 and FIG. 5, the analysis device of the
present embodiment may further include a control part 230
connected to and controlling the light source 210 and the
sensor part 220. Particularly, the light source 210, the sensor
part 220, and the control part 230 may be composed as one
transmission/reception unit 200. Accordingly, the light
source 210 and the sensor part 220 may be controlled by
wire/wireless through the control part 230. The control part
230 may include a communication module that exchanges
signals with the outside. The control part 230 may also
process the output of the sensor part 220 and send an output
signal O to an external terminal 240.

The spirit of the present disclosure has been described by
way of example hereinabove, and the present disclosure may
be variously modified, altered, and substituted by those
skilled 1n the art to which the present disclosure pertains
without departing from essential features of the present
disclosure. Accordingly, the exemplary embodiments dis-
closed i1n the present disclosure and the accompanying
drawings do not limit but describe the spirnt of the present

disclosure, and the scope of the present disclosure i1s not
limited by the exemplary embodiments and accompanying
drawings. The scope of the present disclosure should be
interpreted by the following claims and 1t should be inter-
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preted that all spirits equivalent to the following claims fall
within the scope of the present disclosure.

DESCRIPTION OF REFERENCE NUMERALS

Prism

First surface

Second surface
Third surface

Light reflection layer
First optical cable
Second optical cable
Light source

Sensor part

Control part

Signal analysis part
Display part

110:
112:
114:
116:
117:
130:
140:
210:
220:
230:
300:
400:

What 1s claimed 1s:

1. An optical refractometer comprising:

a prism including a first surface to which light 1s incident,
a second surface to which the incident light 1s refracted
when i1t contacts a substance, and a third surface
configured to retlect the light refracted at the second
surface toward the first surface:

a light source configured to emit light onto the first surface
of the prism to be refracted toward the second surtace;
and

a sensor configured to receive the light reflected from the
third surface and output from the first surface,

wherein the light projected from the light source 1is
coniigured to travel an optical path that directs the light
to pass through the first surface of the prism, refract on
the second surtface, reflect on the third surface, and emit
and condense to the first surface, and

wherein the prism has a wedge shape such that an acute
angle 1s formed between the first surface and the second
surface at one side and the third surface in a curved or
aspherical shape connecting the first surface and the
second surface on the other side.

2. The optical refractometer of claim 1, further compris-
ing a light reflection layer formed on the third surface of the
prism and configured to block the contact between the
substance and the third surface.

3. The optical refractometer of claim 2, further compris-
ng:

a first optical cable connecting the light source and the

first surface of the prism; and

a second optical cable connecting the sensor and the first
surface of the prism.

4. The optical refractometer of claam 3, wherein the
substance 1s liquid and wherein the prism, the first optical
cable and the second optical cable are integrated into one
unit to be immersed 1n the substance i a liquid state.

5. The optical refractometer of claim 3, further compris-
ing a plurality of cables, each having a different numerical
aperture, wherein one of the plurality of cables 1s selected
and used as the first optical cable such that a linearity and a
sensitivity of optic power are set for a predetermined refrac-
tive index.

6. The optical refractometer of claim 1, wherein the prism
comprises a plurality of prisms, each having a different angle
formed between the first surface and the second surface, and
wherein one of the plurality of prisms 1s selected and used
such that a sensitivity of optic power 1s set for a predeter-
mined refractive index.
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7. A real time monitoring analysis device comprising:
an optical refractometer mcluding:

a prism including a first surface to which light is
incident, a second surface to which the incident light
1s refracted when 1t contacts a substance, and a third
surface configured to reflect the light refracted at the
second surface toward the first surface;

a light source configured to emait light onto the first

surface of the prism to be refracted toward the
second surface; and
a sensor configured to receive the light reflected from
the third surface and output from the first surface,
wherein the light projected from the light source is
configured to travel an optical path that directs the
light to pass through the first surface of the prism,
refract on the second surface, reflect on the third
surface, and emit and condense to the first surface;
a signal processor connected to the sensor of the optical
refractometer and configured to analyze an output of
the sensor; and
a display connected to the signal processor to display an
analyzed result,
wherein the prism has a wedge shape such that an acute
angle 1s formed between the first surface and the second
surface at one side and the third surface in a curved or
aspherical shape connecting the first surface and the
second surface on the other side.
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8. The real time monitoring analysis device of claim 7,
further comprising:

a first optical cable connecting the light source and the

first surface of the prism; and

a second optical cable connecting the sensor and the third

surface of the prism.

9. The real time monitoring analysis device of claim 8,
further comprising a plurality of cables, each having a
different numerical aperture, and wherein one of the plural-
ity of cables 1s selected and used as the first optical cable
such that a linearity and a sensitivity of optic power are set
for a predetermined refractive index.

10. The real time monitoring analysis device of claim 7,
wherein the sensor comprises a photodetector or a charge
coupled device (CCD).

11. The real time monitoring analysis device of claim 7,
further comprising a controller connected to the light source
and the sensor to control them, wherein the light source, the
sensor and the controller are integrated into one transmis-
s10n/reception unit.

12. The real time monitoring analysis device of claim 7,
wherein the prism comprises a plurality of prisms, each
having a different angle formed between the first surface and
the second surface, and wherein one of the plurality of
prisms 1s selected and used such that a sensitivity of optic
power 1s set for a predetermined refractive mdex.
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